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INTRODUCTION 
 
Background 
 
     Anaerobic digestion (AD) is a treatment approach that mineralizes complex organic 
carbon into inorganic carbon in the form of biogas, diminishing odors/pathogens and 
stabilizing waste (US-EPA, 2008). Biogas can be used as a renewable energy, while AD 
also allows for reductions in methane (CH4) and overall greenhouse gas (GHG) release 
(US-EPA, 2011). As a result, there has been increasing interest in AD on animal feeding 
operations (AFOs) and on dairy farms in particular, with now over 150 dairy digesters in 
the U.S., providing an installed generating capacity of 38 MW, and GHG emission 
reductions of 1.1 MMT of CO2e/year (US-EPA, 2010). Presently, digesters serve less 
than 6 and 7% of potential dairy farms and cows, respectively (US-EPA, 2010). Barriers 
to adoption include intensive capital costs (~$2,000/cow for 500-2,000 cow installation 
(Andgar, 2011)) and historically low received electrical prices, which combined, can 
produce low returns on investment (Bishop and Shumway, 2009). AD adoption is 
additionally hampered, as AD units are unable to resolve existing farm nutrient loading 
concerns (N and P are not gasified or reduced in liquid concentration during digestion).  
 
     Liquid manure is expensive to transport (Heathwaite et al., 2000) so manure is 
generally land applied to nearby fields. Long-term manure application on these lands 
has resulted in excess nitrogen (N) and phosphorus (P) accumulation; 36% and 55% of 
AFO dairies are in a state of N and P overload, respectively (USDA-APHIS, 2004). This 
has led to issues regarding ultimate fate of nutrients on these soils, in particular their 
ability to contribute to nitrate leaching, eutrophication, ammonia toxicity, and nitrite 
carcinogenesis (US-EPA, 1996). From an air quality perspective, AD with its partial 
conversion of organic N to ammonia, only potentially exacerbates existing concerns 
related to farm-based ammonia emissions; elevating levels of PM 2.5 (Archibeque et al, 
2007). As a result, AFO and dairy owners identify nutrient issues as one of their most 
important concerns, one with potentially negative economic impacts (Bishop and 
Shumway, 2009). Meanwhile, much of the world’s cropped farmland is nutrient-
deficient, requiring fossil fuel based inorganic fertilizers: (1) whose production results in 
negative impacts to the climate (fossil fuel fertilizer results in 1.2% of global GHG 
emissions (IPCC, 2007)); (2) that have increased in price significantly during the last 
decade (USDA ERS, 2011); and (3) which in the case of P have finite worldwide 
resources (Cordell et al, 2009).   
 
 
     With an eye on improving overall economics, AD project developers are intensifying 
efforts to generate additional revenue through use and/or production of co-products. 
One approach that has been successful on many dairies is to accept off-farm organics 
and practice co-digestion, generating tipping fees for received material and producing 
additional biogas (Frear et al., 2012). Frear et al. (2012) showed that biogas production 
could be doubled and total revenues tripled by incorporating off-farm organics at a rate 
of 20% of the volumetric manure flow. When off-farm organics are from local sources, 
considerable GHG mitigation can occur via their diversion from long-distance hauls to 
CH4-releasing landfills (Murphy and McKeogh, 2004). However, co-digestion alone is 
insufficient to enhance adoption rates and GHG mitigation on AFOs, as co-digestion 
exacerbates nutrient loading concerns. Frear et al. (2012) showed that even limited co-
digestion caused 60 and 10% increases in on-farm N and P, in one case study. It is 
imperative then from the perspective of AD adoption as well as environmental 
stewardship to incorporate nutrient recovery alongside AD, if technology improvements 
and new economic markets can warrant such a business approach 
 
Review of Nutrient Recovery Approaches 
 
Phosphorus 
     Studies have demonstrated that more than 80% of P in dairy AD effluent is insoluble, 
presenting itself as suspended colloidal particles that are difficult, especially 
economically, to remove through approaches that assume either its soluble nature or 
ability to easily be settled/separated (Gungor and Karthikeyan, 2008a; Pastor et al., 
2010). Several other studies on P extraction show that the particulates are 
predominantly Ca-P and/or Mg-P (Chapuis-Lardy et al., 2004; Gungor and Karthikeyan, 
2005a; Zhang et al., 2008) that result from the high Ca:P molar ratio (1.66-2.43) of a 
dairy cow’s diet (Gungor and Karthikeyan, 2008b). Biological P removal needs readily 
biodegradable carbon (Tchobanogolous, 2003), which is not available after effective AD 
treatment. Struvite crystallization, often touted as a viable mechanism for simultaneous 
ammonia and P removal is significantly hampered by this chemical structure, as 
crystallization requires the presence of free phosphate, which in this case is only 
available through costly acid/chemical pre-treatment (Zhang et al, 2008). Chemical and 
polymer coagulation can significantly increase the size of these particles and therefore 
induce settling, reaching P removal efficiencies as high as 80%, however their operating 
costs, based on high chemical inputs, raise concerns on economic viability (Frear et al, 
2012). Conversely, simple gravity settling or use of screens and/or decanting 
centrifuges, while representing technical solutions with vastly reduced operating costs, 
are, due to the small size of the particles, only partly successful (10-50% TP removal) at 
removing P and simply do not meet the intense reduction efficiencies needed by dairy 
CAFOs for attainment of their nutrient management plans.  
 
Nitrogen 
     N recovery, whether from animal manure or from animal-manure AD effluent, poses 
a few problems. As such, to date, few N removal/recovery technologies have been 
applied at a commercial scale on operating AFOs, with or without AD. In the U.S. 
barriers include farm economics and the high solids concentration within manure 
wastewaters, which preclude the use of the technologies commonly used in industrial 
and municipal wastewater settings. Thus, any existing or new technology developed for 
farm use must be able to simplify the recovery operation and minimize costs while also 
economically managing the solids. As discussed in the previous chapter, solids removal 
is intimately linked with P recovery. Therefore, N recovery should be combined with P 
recovery, allowing for mitigation of two nutrient concerns in one combined technology. 
Lastly, from both an economic and sustainability standpoint, recovered products must 
have a valued market so that farmers can offset capital and operating expenditures.  
 
     Biological ammonia removal technologies exist, however, the high concentration of 
ammonia and solids in the animal manure AD effluent make it difficult for biological 
treatment. Although conventional nitrification and denitrification can be applied to animal 
wastewater for N removal without AD (Choi et al., 2005; Tilche et al., 2001; Vanotti, 
2005), it becomes problematic to work with AD effluent because of insufficient 
biodegradable carbon. A recently developed process, “anammox” does not need 
biodegradable carbon for N removal (Mulder et al., 1995), but anammox bacteria’s slow 
growth rate (Strous et al., 1999) makes it easily out-competed by other organisms, 
leading to poor kinetics and performance alongside process instability. Other 
researchers (Bolan et al., 2004; Bonmatí and Flotats, 2003; Guo et al., 2008; Liao et al., 
1995; Vanotti, 2005) have opted for physical-chemical processes for N removal, 
including ion exchange and ammonia stripping. Ion exchange can be excluded for AD 
applications because it requires low solids concentrations (< 1%), which are 
unattainable even with effective prior solids/P removal technology implementation. 
However, ammonia stripping has some potential, as shown through studies on landfill 
leachate (Cheung et al., 1997), digester supernatant of a municipal wastewater 
treatment plant (Katehis et al., 1998), and digester supernatant from slaughterhouse 
waste (Siegrist et al., 2005). It tolerates a certain level of solids, has low energy 
requirements and involves relatively simple and low capital cost equipment. Ammonia 
stripping has already been successfully applied to municipal wastewater AD 
supernatant landfill leachate, and industrial wastewater at commercial scale (Janus and 
vanderRoest, 1997; Meyer and Wilderer, 2004; Thorndahl, 1993). It was also 
successfully tested under laboratory conditions for swine manure wastewater (Bonmatí 
and Flotats, 2003; Liao et al., 1995) and digested dilute dairy manure supernatant (Zeng 
et al., 2005; Zeng et al., 2006). In addition, ammonia stripping can be easily integrated 
with acid absorption to recover ammonia as N fertilizer. Although ammonia stripping has 
proven to be technically feasible for digested dairy manure, its economic feasibility has 
not been studied, nor has it been studied at scale utilizing concentrated scrape manure.  
 
     Although a strong potential candidate for economical recovery of N from dairy farms, 
ammonia stripping is not without its concerns. First, effective performance is highly 
dependent on temperature (US-EPA, 2000); however, the mesophilic (35oC) or 
thermophilic temperatures (55oC) of AD effluent can be used to overcome this concern. 
More problematic is the fact that, in order to strip ammonia from a wastewater, ammonia 
in its ionic form, must first become liberated as free ammonia. The ionic/free ammonia 
equilibrium is dependent upon pH with increases in pH (9.5-11) favoring the free 
ammonia form. AD effluent with its high alkalinity requires extensive input of chemicals 
to raise the pH, thereby adding high chemical and economic costs to the process. 
Additionally, the traditional tower approaches used by the stripping industry are 
susceptible to clogging by the manure solids.  
 
NOVEL NUTRIENT RECOVERY APPROACH 
 
     In an attempt to look at the NR problem from a new angle, the project team 
developed a working hypothesis that settling of the aforementioned suspended P-solids 
was less a problem of charge and need of coagulants and polymers, but more a 
problem of super-saturated gases which interfere with the natural flocculation and 
settling process. During AD significant amounts of CO2 produced during the biological 
process can become dissolved and/or super-saturated within the effluent.  
 
Figure 1: Microscope images of AD manure effluent with (a) micro-bubbles of gas 
present and evolving and (b) without gas present after aeration treatment 
 
 
 
 
     This is particularly true of CO2, which is stored within the liquid effluent as aqueous 
CO2, bicarbonates and carbonates. Upon release from the digester, changes in 
temperature, pressure, pH, air and agitation can lead to a release of these super-
saturated gases (Battistoni et al., 1997; Cecchi et al., 1994). As the CO2 partial pressure 
in air is much lower than that inside a digester, a hypothesis was proposed that aeration 
would remove the super-saturated CO2 and enhance P removal. Figure 1a shows an 
image of micro-bubbles within liquid AD effluent, showing that these bubbles occur in 
numbers high enough to disrupt attractive forces with the buoyant forces and micro-
turbulence they induce. As per the hypothesis, during aeration, supersaturated CO2 
released from liquid to gas phase (Figure 1b). In addition, analysis of chemical 
equilibriums shows that as aeration releases the gaseous CO2, reactions move towards 
the right, generating more OH- and raising the pH of the solution, especially with 
elevated solution temperature (Figure 2; Figure 3a). Subsequent testing of this high 
temperature aeration process verified that the stripping of the CO2 and corresponding 
elevation in pH also allowed for enhanced ammonia stripping and P-settling without 
chemical addition (Figure 3bc; Figure 4). Thus, aeration treatment not only leads to the 
desired P-settling but also N removal through the stripping and assumed recovery of the 
ammonia—yielding an integrated NR process with vastly reduced chemical inputs.  
Figure 2: Chemical equilibrium associated with aeration process 
 
 
Figure 3: Effect of aeration/temperature on (a) pH, (b) NH3 removal, and (c) TP removal 
 
 
 
Figure 4: (a) Ability for aeration/settling to more effectively settle solids and P as 
compared to no aeration; (b) settled P-solids removed from settling weirs 
 
 
Evolving from the base research discussed above is a novel system approach to 
both ammonia and P-solids recovery from digested effluent (Figure 5). Waste engine 
heat from the AD engine/generator sets is used to raise the temperature to 55-70oC for 
the necessary time duration to meet EPA Class A solids standards, thereby producing a 
more valuable and highly controlled pathogen-reduced fiber for bedding or off-farm 
sales as well as the necessary temperature to induce efficient aeration and degassing 
of super-saturated CO2 and release of free ammonia. After aeration, the treated effluent 
is sent to a quiescent zone to allow for settling and removal of P-solids in a weir system. 
Stripped ammonia is then sent to an acid contact tower to convert the gaseous 
ammonia to ammonium sulfate solution (~35% concentration). An additional step still 
under development and evaluation is using the final effluent, still with a relatively high 
pH, as a media for scrubbing of biogas impurities, particularly H2S. 
 
Figure 5: Second iteration, patented, and commercial approach to economic recovery of 
nutrients from an AD associated NR system 
 
 
 
PILOT TESTING AND ECONOMIC ASSUMPTIONS 
 
     Batch trials using 5,000-gallon systems were completed at dairies in Wisconsin and 
Indiana (Figure 6) while evaluation of aeration and settling performance was evaluated 
at a dairy in Idaho. During the pilot-operation, the following unit operations and 
conditions were followed (inputs are in italics and products are in bold): 
x 100oF AD effluent from an existing commercial AD unit was heated to 160oF using 
an extended engine exhaust heat recovery system to further heat treat the effluent 
and its fibrous solids to Class A pathogen standards.  
x The Class-A fibrous solids were removed through mechanical screen separation 
using an inclined screen with screw press, while the remaining liquid with suspended 
solids was sent to an aeration zone for further treatment at operating temperatures 
of approximately 140oF. 
x Aeration occurred in a dedicated plug-flow tank with a variable 10-20 hour retention 
time. Aeration was accomplished through the use of micro-aerators placed at the 
bottom of the tank to supply various degrees of aeration flow per gallon of treated 
effluent. Air was heated to temperature using engine exhaust heat sent through an 
air-to-air heat exchanger. As described before, the aeration allowed for the stripping 
of super-saturated CO2 gas. High temperature enhanced the process, allowing for a 
more rapid release of the CO2 and two important results. First the pH is increased 
and second gases, which interfere with natural settling were removed.  
x The increase in pH (>9.5) allowed for a portion of dissolved ammonia to shift its 
equilibrium towards free, gaseous ammonia and enter the air stream leaving the 
chamber which was then piped to a dedicated two-stage acid tower where controlled 
amounts of sulfuric acid made contact with the ammonia in the air and produced 
dissolved ammonia sulfate salt bio-fertilizer. The two-tower approach was 
conceived so that a neutral pH product with consistent maximum concentration 
(~35% by weight) could be achieved. 
x After return of the effluent to a quiet, settling zone, phosphorous-rich solids were 
then gravity settled and collected using dewatering weirs. 
 
Figure 6: Batch testing of (a) aeration system and (b) two-tower acid contact system  
 
 
 
 
     Results of the testing at optimal aeration flow rates (micro-aerators, 20 gallons/cfm, 
and 55oC) are as described in Figure 7. While laboratory tests showed more ready 
stripping of ammonia, pilot-tests showed the need for considerably longer retention 
times, most likely due to lower operating temperatures (limited availability of waste heat 
energy and losses of heat due to mechanical separation of fibrous solids) and lower 
mass-transfer due to mixing limitations at larger scale (foaming). Results did determine 
a feasible temperature and aeration rate that minimized energy inputs and controlled 
foaming while still stripping ammonia in a reasonable retention time. At the 
aforementioned optimized parameters, nearly 80% of TAN was stripped during a 15-
hour operation due to a consistent capability to raise the pH at or near 10.0. The two 
tower acid contact system, once equilibrium at maximum solubility was attained, 
produced a consistent 35% by mass ammonia sulfate solution with pH at neutral.  
 
Figure 7: Performance capabilities of ammonia stripping and ammonia sulfate 
production systems at optimized conditions during testing  
 
 
 
     The ability of aeration to settle P-solids was evaluated using only limited aeration 
(~40 gallons/cfm and temperature (20-35oC) and results are summarized in Table 1. As 
can be seen from the figure, limited aeration and temperature can keep capital and 
operating costs down while also retaining most of the ammonia and removing significant 
percentages of P from the effluent. No aeration resulted in a baseline of 40% P removal 
using the sequence of primary, secondary screening followed by extended weir settling 
while addition of 6 and 24 hours aeration resulted in 65 and 80% removal, respectively. 
Notably then, the system can be operated as a P-recovery system alone or as a 
combined system with more enhanced aeration and temperature yielding even higher P 
removal efficiencies. 
 
COMMERCIAL DEMONSTRATION—DAIRY WITH CO-DIGESTION 
 
     After pilot evaluations were completed, design and funding were completed for 
demonstration of a continuous flow system at commercial scale on a Washington dairy 
practicing co-digestion with their dairy manure using a DVO mixed plug-flow digester. 
The flow rate for this farm and digester is 40,000 gallons/day. Funding for the capital 
construction, evaluation and performance report are provided by USDA NRCS CIG and 
DOE ARRA grant funds with industry and producer match. Figure 8 is a schematic for 
the overall design of the system while Figure 9 is an overhead image of the actual 
completed construction. 
 
 
 
 
 
 
Table 1: Limited aeration and temperature settling of P-solids 
 
 
 
Figure 8: Schematic of NR system at co-digestion dairy (Green is existing AD systems 
while blue is new NR systems) 
 
 
 
     From Figure 8 you can see that as earlier described during description of the NR 
approach, manure and substrates leave their respective pits for entry to the digester. 
Digester effluent leaves the gas-tight vessel through a weir wall and enters an effluent 
pit that was retrofitted with heat exchangers to elevate the temperature of the manure 
for subsequent aeration and Class-A treatment. The effluent is then sent to a primary 
screen separator and dewatering auger for production of fiber product while the 
remaining effluent is sent to the aeration pit for micro-aeration and subsequent removal 
of CO2, rise of pH and stripping of ammonia gas. The aeration pit is designed to be a 
plug-flow reactor capable of aeration (micro-aerators) and temperature (~50-60C) 
equivalent to pilot studies using an HRT of 17 hours. Aerated effluent with foam exits 
the aeration reactor and enters a sump house where continuous de-foaming is 
accomplished using recycled effluent and spray-bars. Resulting gases exit the sump 
house through a hood and ducting system for entry into an acid tower. Acid is 
continuously pumped into the acid chamber for contact with ammonia via control of 
automated pH meters. Resulting ammonium sulfate solution overflows and is sent to 
storage tanks while treated exhaust is run through an air-to-air heat exchanger to warm 
input air to the aeration reactor. Effluent leaving the sump house is sent to a 2-day 
settling weir for settling of P-solids. An additional micro-screen is operated in a 
continuous loop allowing for large solids at the bottom of the weir to be removed and 
dewatered while small solids (primary P containing solids) that are not captured by the 
micro-screen return to the settled bottom of the weir for periodic removal and natural 
dewatering. Finally, effluent leaving the weir is sent to a large lagoon for storage until 
field application is allowed. 
 
Figure 9: Image of completed system 
 
 
 
     Figure 10 is a collage of system products. Four products are produced by the system 
with moisture level and NPK dry values in parentheses (preliminary results): (1) Class-A 
fiber (74%; 1.4:0.6:0.8); (2) Fine Solids (80%; 2.5:0.8:0.8); (3) P-solids (70%; 2.2:2:1.5); 
and (4) Ammonium Sulfate Solution (65%; 8:0:0:10(S)). 
 
Figure 10: NR products: (A) three solids, P-solids, Fine-solids, Fiber-solids clockwise 
from left; (B) 35% solution of ammonium sulfate and (C) first application of 
ammonium sulfate to fields 
 
 
 
 
     Tentative economics based on pilot scale results and demonstration system design 
is summarized in Table 2. From the table you can see that the system is designed to try 
to offset recovery costs as opposed to yielding significant profits although as markets 
mature and fertilizer prices potentially continue to rise, this scenario could change. For 
now though the system primarily uses AD outputs to more efficiently meet producer 
nutrient management needs and in turn the more robust system in terms of producer 
needs could lead to enhanced AD adoption, especially in the face of future potential 
more stringent nutrient regulations. Since completion of the commercial demonstration 
was delayed, resulting in a completed system not until late winter 2011, an updated 
economic evaluation has not been completed due to continued system troubleshooting. 
Updated economics as well as performance indicators are anticipated for this late spring 
and summer with some information hopefully available for the oral presentation later in 
the month.  
 
 
 
 
 
 
 
 
 
Table 2: Tentative NR economics 
 
 
 
     As stated earlier, the system is presently undergoing extensive troubleshooting and 
beta testing. Demonstration goals still hold at producing a final effluent that has 70% 
removal of ammonia, 80% removal of P and 50% total N as compared to values 
entering the digester. A partial list of particular concerns and lessons learned from the 
commercial demonstration are as follows, with undoubtedly more to follow as operation 
continues: 
x Overall noise control  
x Identification of optimal pumps, blowers, screens, etc. for conditions experienced 
x Tuning of system to farm operations/sequences and vice versa 
x Acid handling, storage, supply, pumping 
x Acid tower operation, product quality, storage 
x Product and solids dewatering, recovery and marketing  
x Catalogue of regulations/permits 
x Ammonia stripping operating parameters shifts under continuous flow 
x Foam control 
 
     Field days, conference papers, extension papers, videos, webinars, marketing 
information, and techno-economic and performance evaluation report are envisioned for 
late summer, early fall of 2012.  
  
COMMERCIAL DEMONSTRATION—EGG LAYER MANURE 
 
Concerns Applying AD to Caged Layer Poultry Manure 
 
     The problem facing the US caged layer poultry industry and its 400+ larger CAFO-
sized farms is how to annually treat 4 million tons of wet manure in a manner which 
responds to emerging needs in renewable energy, air/water quality improvements, and 
establishing new revenue streams for enhanced farm sustainability. However, next 
generation technology options allowing for production of renewable energy, such as 
gasification and anaerobic digestion (AD) have technical concerns, as applied to caged 
layer manure. Gasification, while suited well for dry broiler litter operations (80% solids), 
is poorly positioned for much wetter caged layer manure (25% solids) while AD has 
historically not been identified as a suitable technology for poultry manure because of its 
Costs ($/cow yr) Revenues ($/cow yr) 
Electrical Power : (Electrical purchase of 5¢/kwh;  
aeration rate of 20 gallons/cfm; power need of 20 cfm/
hp; 1.2x for other electrical) 
$29.78 AS Slurry: (35% AS by weight; 0.25% influent 
concentration of NH3; 80% NH3 recovery; 3.9 lbs AS: 1 
lb NH3; $80/ton slurry; $200/ton AS 
$69.00 
Sulfuric Acid: ($175/ton conc. acid; 2.9 lbs of Acid: 1 lb 
NH3 recovered) 
$56.58 P-rich Solids: ($175/dry ton at 3:1.5:3 NPK; 50% TS; 
3.5 wet lbs/cow day 
$55.89 
Labor: (0.5 FTE salaried position with salary of $40K/
yr; 2,000 cow farm) 
$10.00 Credits: (Nutrient Trading; carbon; RECs—assumed 
zero for now) 
$0.00 
O&M: (2% of capital costs at $600/cow NR only) $12.00 Offset Savings: (Reduction in engine oil with H2S 
reduction—zero now) 
$0.00 
Total $108.36 Total $124.89 
inability to handle the higher solid content and biologically-inhibitory levels of ammonia. 
While digested effluent could be returned back to the front of the digester for use as 
grey dilution water as a means to reduce fresh water inputs, research at Washington 
State University (WSU) has shown that layer manure TAN levels are significantly higher 
than microbial thresholds and these levels become increasingly and dangerously high 
as AD effluent is used as reclaim water—leading to a steady decline in biogas 
performance with increased ammonia and use of reclaim water, especially when TAN 
levels exceed 4 g/L (Figure 11).   
 
     Caged poultry manure with 25% TS requires an input of dilution water in order to 
supply a wastewater material suitable for operation within commercially available AD 
technologies. On-farm, manure-based AD units within the US have traditionally used 
complete-mix (various European or US designs) or mixed plug-flow (DVO Inc., Chilton, 
WI) technology, with both technologies ideally supporting influents with TS content on 
the order of 4-12% (US-EPA, 2006). With caged-layer manure arriving from the belt 
press with TS of 25% it is clear that effective performance of the digesters require more 
than a 1:1 dilution with water, and at the scale of 600,000 layers for an average 
operation, that amounts to more than 180,000 gallons of dilution water per day—a sum 
that is simply not sustainable or economic, particularly in water threatened regions of 
the US. The conclusion, then, is that, in order for effective AD of caged layer manure to 
occur, an alternative to fresh water for dilution is required and that source is the AD 
effluent itself, which with treatment can be used as reclaim water.  
 
     AD effluent as source of reclaim water is viable, but only upon treatment and 
preparation. Since typical AD manure systems result on the order of 30-40% TS 
destruction, a system with influent of 11% TS leads to effluent with a 7% TS. Re-use of 
7% TS effluent as dilution water makes poor engineering sense as every percentage 
point of solids that is re-introduced to the front of the digester results in the need for 
more reclaim water to attain the desired working TS flow rate. From a biological sense, 
the operation is non-optimal as well, as the non-digested solids are for the most part 
inert or recalcitrant in nature, which would lead to little further degradation upon 
extended digestion, thereby filling a fraction of the digester volume with non-reactive, 
non-biogas producing material. Fortunately, research and commercial demonstration 
have already shown that industrial separation of a significant portion of the solids can be 
accomplished (DVO, 2009). While, utilization of industrial separators to accomplish this 
requires additional capital and operating input, not to mention, parasitic use of produced 
electricity, it does serve to accomplish two very important goals. First, the effluent liquid 
to be used as reclaim water can be brought to a more desirable TS content on the order 
of 2% TS. Importantly, the remaining solids are suspended solids, which supply both 
nutrients and some biodegradable material to the digester while minimizing the 
volumetric impact to the digester. Of equal importance is research that shows during the 
digestion process, a significant portion of the organic phosphorus is converted to 
inorganic form and when in the presence of high Mg and Ca content manures, is 
chemically converted to phosphates bound as amorphous micro-solid salts (Gungor and 
Karthikeyan, 2008; Zhang et al., 2008). Thus, decanting centrifuge of the solids within 
the effluent serves as a recovery mechanism and concentrator for P in the form of 
saleable organic solids (Frear et al, 2010).   
 
     While removal of solids allows for improved utilization of AD effluent as reclaim 
water, it does not solve an important concern regarding retention of soluble ammonia 
and the inhibition that it contributes to the AD process. Ammonia inhibition has been 
extensively studied during the AD of poultry manure, with results showing that poultry 
manure has levels of total ammonia nitrogen (TAN) (Itodo and Awulu 1999; Bujoczek, 
Oleszkiewicz et al. 2000) at times, well above levels of threshold inhibition identified as 
at or above 2 g/L TAN (Koster and Lettinga, 1984). Although microbial communities can 
adapt to higher concentrations of sustained ammonia (Frear et al, 2010; Abouelenien et 
al, 2009), research at Washington State University (WSU) has shown that (1) layer 
manure TAN levels are significantly higher than the threshold, (2) levels become 
increasingly and dangerously high as AD effluent is used as reclaim water, and (3) 
biogas performance steadily declines with increased ammonia and use of reclaim water, 
especially when TAN levels exceed 4 g/L (Figure 11).   
 
Figure 11: Methane production as factor of TAN concentration and use of AD effluent as 
reclaim water (i.e. 20:20:60 AE:W refers to 20% seed and 20% AD effluent 
mixed with 60% fresh water as source of reclaim water during digestion) 
 
 
     An opportunity lies in demonstrating that existing commercial AD units can be 
effectively and economically operated using caged layer manure IF the digester effluent 
is treated with a unique nutrient recovery and reclaim water system so as to overcome 
existing concerns with ammonia inhibition and intensive water usage needed for solids 
dilution (Figure 12).  
 
Figure 12: Schematic of integration of nutrient recovery/reclaimed water system into 
poultry manure digester and farm (1,000 head/day flow rate) 
 
 
     Fortunately a demonstration commercial digester already exists at Wenning Poultry 
Farm in Fort Recovery Ohio (1 million layers), but one which is somewhat 
underperforming due to ammonia concerns discussed above. Industry, producer and 
grant funding have been made available to evaluate the NR system and its water 
recovery system at demonstration commercial scale. Design has been completed and 
as of this paper, construction has begun with a completion date and subsequent beta 
testing planned for late March 2012. It is hoped that oral presentation later this month 
can supply construction photos and an update on project completion.  
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